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Table S1. State-of-the-art of the thermal annealing conditions of GO at low temperatures.

Sample Ambient Temperature (ºC) Time
Resistivity / 

Sheet 
Resistance

Reference

Film UHV 125-240 17 h n.a. 1

Film UHV 150 15 min ~10 m 2

Film UHV 200 15 min ~10-2 m 2

Film Ar/H2 200 15 min ~10-2 m 2

Film Ar/H2 600 15 min ~10-4 m 2

Film Ar/H2 1100 15 min ~10-5 m 2

Film N2H4 vapour 80 7 h ~10-3 m 2

Film 1) N2H4 vapour
2) Ar/H2

1) 80
2) 200

1) 24 h
2) 15 min ~10-4 m 2

Film 1) N2H4 vapour
2) Ar/H2

1) 80
2) 1100

1) 24 h
2) 15 min ~10-5 m 2

Film UHV 200 2 h 10-2 m 3

N,N-dimethylacetamide 
solution N2 150 5 h n.a. 4

Powder or aqueous 
solution

Aqueous in a autoclave, 
vacuum, or air 95-150 15 h n.a. 5

Powder N2 150 2 h 48 m 6

Powder N2 200 2 h 2∙10-3 m 6

Powder N2 500 2 h 5∙10-4 m 6

Powder N2 900 2 h 10-3 m 6

Powder Vacuum 80 5 days 105 sq-1   7

Film N2 75-250 45 min n.a. 8

Film Vacuum 200 12h n.a. 9

Powder Air 300 2h n.a. 10

Film Air 100-250 15 min 4∙10-2 m 11

Film Air 70-300 15 min n.a. 12

Film Ar/H2 100-500 10 min n.a. 13

Film Air or Ar 130-300 °C 4 and 24 h 10-2 – 10-4 m This work

UHV=Ultrahigh vacuum; n.a. = not available



S3

1. TGA characterization
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Figure S1. TGA diagram for the annealing of GO under air (black curve) and N2 (red 
curve).
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Figure S2. Kinetic TGA for the annealing of GO under N2 at different temperatures 
during 4h.



S4

0 3 6 9 12 15 18 21 24

60

70

80

90

100

W
ei

gh
t (

%
)

Time (h)

Figure S3. Kinetic TGA for the annealing of GO under air (black curve) and N2 (red 

curve) at 150ºC for 24h.
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2. AFM characterization

Figure S4. AFM images of pristine GO films a) sample 1, b) sample 2 and c) sample 3.

Table S2. Film thickness calculated from AFM images.

Conc (mg/mL) Sample 1 (nm) Sample 2 (nm) Sample 3 (nm) Avg (nm)  (nm)

10 78.5 65.87 55.4 66 11
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3. Resistivity characterization

0 5 10 15 20 25
0.001

0.01

0.1

R
es

is
tiv

ity
 (

m
)

Time (h)

 150ºC
 200ºC

Figure S5. Kinetic resistivity measurements for the annealing of GO under argon at 

150ºC and 200ºC.
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4. Bending characterization

Figure S6. a) Resistance of the film as a function of time during the application of 2000 

bending cycles with a bending radius of 6 mm, b) magnification of the film resistance as 

a function of time.
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5. XPS characterization

3

4

5

6

40 80 120 160 200 240 280

3

4

5

6

C
/O

 ra
tio

C
/O

 ra
tio

Temperature (°C)

Figure S7. C/O ratio obtained from the XPS analysis of the TrGO under N2 (top) and air 

(bottom).
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Figure S8. Fitted XPS a) C1s and b) O1s spectrum of GO and their corresponding 

chemical groups.
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Figure S9. XPS analysis of O1s for the TrGO under (a) air and (b) N2.
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6. NMR characterization

Figure S10 Fitted ssNMR spectrum of GO and their corresponding chemical groups. The 

stars refer to the chemical groups close to defects.
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7. Raman characterization

Figure S11. Fitted Raman spectra of (a) GO and (b) TrGO at 200ºC under air.
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Figure S12. Fitted Raman spectra of GO and TrGO under (a) air and (b) under N2 at 

different temperatures.
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Figure S13. Evolution of the ID/G ratio values and the oxygen atomic percentage of TrGO 

as a function of the annealing temperature under (a) air and (b) under N2.
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Figure S14. Evolution of the (a) ID’/G and (b) ID’’/G ratio values of TrGO as a function of 

the annealing temperature under air (black curves) and under N2 (red curves).
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Table S3. Fitting parameters calculated for GO and TrGO Raman spectra under air.

Air D’’ G D’ D

T(ºC) Rs(cm-1) w(cm-1) Rs (cm-1) w(cm-1) Rs (cm-1) w(cm-1) Rs (cm-1) w(cm-1)

25 1523.1 200.0 1581.6 66.1 1610.2 36.5 1349.3 135.0

50 1523.7 198.4 1581.0 63.7 1610.2 36.1 1349.2 134.8

100 1518.8 143.1 1582.1 61.2 1610.4 33.6 1349.2 130.9

130 1526.9 120.1 1585.3 54.6 1611.9 33.6 1348.1 120.8

150 1534.2 113.0 1589.9 52.5 1616.0 32.9 1354.2 136.4

200 1533.6 115.5 1589.1 53.5 1615.5 33.4 1354.7 139.5

250 1536.1 115.6 1589.9 51.4 1615.4 31.8 1352.7 127.8

300 1527.8 121.0 1587.5 56.1 1612.6 34.2 1351.3 138.6

Rs: Raman shift; w: width.

Table S4. Fitting parameters calculated for GO and TrGO Raman spectra under N2.

N2 D’’ G D’ D

T(ºC) Rs(cm-1) w(cm-1) Rs (cm-1) w(cm-1) Rs (cm-1) w(cm-1) Rs (cm-1) w(cm-1)

25 1523.1 200.0 1581.6 66.1 1610.2 36.5 1349.3 135.0

50 1527.6 124.6 1580.0 57.9 1608.3 37.3 1349.4 133.5

100 1522.3 133.2 1580.0 61.2 1609.1 36.9 1347.8 132.0

130 1530.8 118.5 1584.3 55.1 1611.3 33.8 1348.0 132.7

150 1536.4 114.6 1588.6 52.1 1614.3 31.6 1350.6 130.7

200 1536.9 108.6 1589.1 52.6 1615.6 31.6 1352.8 137.9

250 1529.8 110.4 1586.1 53.6 1612.8 33.5 1351.5 136.6

300 1528.6 114.0 1585.2 54.6 1613.0 33.4 1351.7 138.7
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8. PXRD characterization

PXRD diffractograms have been acquired using a D8 Advanced with twin-twin optics 

(Bruker). The diffraction patterns of the powder samples have been acquired in 5-40 (2θ) 

range in Bragg-Brentano configuration, using CuK radiation and a LINXEYE 2 detector. 

Two 2.5 mm Soller Cu slits have been applied to the primary and secondary optics. In the 

latter, a Ni stopper has been added to filter Cuk radiations. An automatized blade has 

been mounted to limit the contribution of air scattering at low angles. The data has been 

acquired with a step of 0.02° and an acquisition time of 0.2 s per step.

Calculation of the XRD parameters

From the XRD diffractograms the peak position has been calculated using the Bragg’s 

law:

                                                                        (1)
𝑑(ℎ𝑘𝑙) =

𝜆
2sin 𝜃

Where d(hkl) is the calculated inter planar distance (Å), λ is the wavelength of the XRD 

source (Å),  is the scattering angle (rad). The crystallite dimension has been derived 

from the Scherrer formula:

                                                                        (2)
𝐿𝐶 =

𝐾𝜆 
𝛽cos 𝜃

Where Lc is the crystallite dimension (Å), K is the shape factor equal to 0.89,14  is the 

FWHM of the diffraction peak (rad) 
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Figure S15. Main peak position for GO and TrGO under air (black curves) and under 

argon (red curves).
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Figure S16. Crystallite size calculated for GO and TrGO under air (black curves) and 

under argon (red curves).
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Figure S17. Number of GO layers for GO and TrGO under air (black curves) and under 

argon (red curves).
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9. BET characterization

Figure S18. BET surface area of GO and TrGO under (a) air and (b) argon. Pore size 

distribution of thermally-reduced GO under (c) air and (d) argon.

Table S5. Average surface area and pore size of GO and TrGO.

Air annealing Argon annealing

Temperature Surface area 

(m2/g)

Pore size (nm) Surface area 

(m2/g)

Pore size (nm)

GO 12.61 6.95 12.61 6.95

150 32.40 8.78 35.14 8.71

200 44.28 7.92 439.92 16.63

250 302.59 15.13 420.72 15.51

300 480.44 16.53 462.57 13.90
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10. Photoelectron Yield Spectroscopy in Air (PYSA) characterization

Figure S19. Work function of (Tr)GO annealed under air (black dots) and argon (red 

dots) at different temperatures for 4 hours.
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11. Electrochemical characterization
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Figure S20. CV curves of GO at different scan rates.
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Figure S21. CV curves of TrGO under air at different scan rates.
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Figure S22. CV curves of TrGO under argon at different scan rates.
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Figure S23. Comparison of specific capacitances versus current densities of TrGO under 

(a) air and (b) under argon.
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Figure S24. Specific capacitances at 0.1 A/g of TrGO under air (black curve) and under 

argon (red curve).
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Figure S25. Comparison of specific capacitances versus current densities by using KOH 

6 M (black curve), H2SO4 1 M (red curve) and tetraethylammonium tetrafluoroborate 1M 

in acetonitrile (blue curve) as electrolytes.
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Figure S26. Specific capacitances at 0.1 A/g of TrGO (a, b) under air and (c, d) under 

argon compared with their corresponding (a, c) surface area and (b, d) film conductivity. 

Film conductivities were calculated by the inverse of the film resistivity of Figure 1c.
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Table S6. State of the art TrGO as supercapacitors.

Annealing 

temperature 

(ºC)

Time Atmosphere
Capacitance 

(F/g)
Electrolyte

Surface 

area 

(m2/g)

Reference

200 4 hours Air 208 ± 3.2 6 M KOH
325.1 ± 

24.1

300 4 hours Argon 177.1 ± 29.6 6 M KOH
347.3 ± 

17.6

This work

200 5 hours High vacuum 264 30% KOH 400 15

200 2 hours N2 260 6 M KOH 71.50 6

400 1 hour Air 206 1 M KOH - 16

200 50 min Air 165
0.5 M 

H2SO4
- 17

200 12 hours N2 132 1 M H2SO4
18

400 110 min N2 96 5 M H2SO4 429 19

200 1 hour Argon 201 5 M KOH 248 20
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Figure S27. Current collector optimization for TrGO at 200ºC under air and KOH 6 M 

as electrolyte. (a) Comparison of specific capacitances versus current densities by using 

carbon electrode (black curve), and Ni foam (red curve). (b) CV curve at the scan rate of 

50 mV/s and (c) GCD curves at the current density of 1 A/g by using Ni foam as current 

collector.
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Figure S28. Nyquist and Bode plots of TrGO at different temperatures (a, c) under air 

and (b, d) under argon. 
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Scheme 1. The equivalent electric circuit models used for fitting the Nyquist plots. Rs: 

the intrinsic ohmic resistance; Rct: charge transfer resistance; C1: capacitance element; 

CPEEDL: constant phase element representing the electrical double layer capacitance 

(EDLC); Zw: a generalized finite Warburg element. The circuit a) is used to fit GO and 

TrGO under air (100-130ºC) and under argon (100-150ºC) samples. The circuit b) is used 

to fit TrGO under air (150-300ºC) and under argon (200-300ºC) samples.

Table S7. Fitting parameters obtained from the Nyquist plots.

Air Argon
Annealing temperature (ºC)

Rs (mΩ) Rct (mΩ) Rs (mΩ) Rct (mΩ)

80 207 - 207 -

100 308 - 198 -

130 193 - 247 -

150 288 364 202 -

200 300 387 195 366

250 238 346 201 380

300 238 346 208 406
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Figure S29. Conductance plots of TrGO at different temperatures (a, b) under air and (c) 

under argon. 
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Figure S30. Conductivity plots of TrGO at different temperatures (a) under air and (b) 

under argon. 
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Figure S31. Ragone plot for TrGO at 200 °C (a) under air and (b) under argon.
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Figure S32. Cyclic stability of TrGO at 200ºC under air at the current density of 3 A/g.
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